This Note rationalizes recently measured partitioning of polyethylene glycol, PEG-3400, from bathing solutions of varying polymer concentrations to ␣-hemolysin channels.
1
To explain the concentration dependence of the partition coefficient, we recognize that nonideality of polymer solution in the pore is weak because the overlap volume fraction of the polymer in the pore is higher than that in the bulk. The reason is that polymer molecules in the pore form cigars with higher intramolecular monomer density.
Because the radius of gyration of PEG-3400 ͑Х2.5 nm͒ in the bathing solution is significantly greater than the radius of the pore ͑Х1 nm͒, polymers do not enter the ␣-hemolysin channel at low concentrations. At high concentrations repulsion nonideality pushes the polymer into the channel with a sharp transition between exclusion and entry ͑Fig. 1͒. The partition coefficient was determined from purely electrical measurements of the effect of PEG on channel ionic conductance. 1 This procedure seems to be more straightforward than that of the "apparent diffusion coefficient" of polymers 2 or tracers 3,4 measured by dynamic light scattering from porous glass beads. Analysis 1 showed that the observed concentration dependence of the partition coefficient cannot be explained using an approach 2, 5, 6 that assumes nonideality of the polymer solution in the pore to be identical to nonideality in the bathing solution: measured partitioning is a much sharper function of polymer concentration than identical nonideality predicts.
The partition coefficient p is defined as a ratio of the polymer volume fractions in the pore ⌽ p and in the bulk ⌽ b , p = ⌽ p / ⌽ b . To find p one needs to know the polymer chemical potentials in the bulk and in the pore. The chemical potentials can be written as 
where ⌽ b,p * are overlap volume fractions in the bulk and in the pore and ␣ b,p are the coefficients entering into the des Cloizeaux formula for the osmotic pressure ⌸ in the bulk and in the pore, 7, 8 
Note that ␣ i , ⌽ i * , and a should be chosen self-consistently. Equating the chemical potentials, we can formulate the partition coefficient as
Reference 1 takes ␣ b = ␣ p and ⌽ b * = ⌽ p * ͑i.e., assume that ␦ terms have the same form in the bath and in the pore͒ to arrive at
which leads to a slower growth of p as function of ⌽ b than that observed in experiment ͑lower dashed curve in Fig. 1͒ . 1 References 9 and 10 picture polymers in the pore as cigars of radius R p and length proportional to Na 5/3 / R p 2/3 . The resulting monomer density in the cigar, ϳa −5/3 R p −4/3 , is much higher than that in a spherical polymer coil of radius ϳaN 3/5 , where the density is ϳa −3 N −4/5 . As a consequence, the overlap con- 
ͪ .
͑6͒
͓This dependence follows from Eq. ͑4͒ with ⌽ p * = ϱ.͔ Equation ͑6͒ predicts too rapid increase of p vs ⌽ b ͑upper dashed curve in Fig. 1͒ . The question of cigar-cigar interaction inside a rectangular pore has recently been studied numerically by Teraoka and Wang. 12 Returning to Eq. ͑4͒, we use conventional estimates for the overlap volume fractions:
Using this we can write Eq. ͑4͒ as
where coefficient ␤ is independent of N and ⌽ b . One can see that Eq. ͑7͒ reduces to Eqs. ͑5͒ and ͑6͒ when ␤ = ⌬F / ͑k B T͒ and ␤ = 0, respectively. Measured osmotic pressures of PEG solutions have been recently analyzed in Ref. 8 . Based on that analysis, we can write Eq. ͑7͒ as ln p = 0.745Nw
where w is the polymer weight fraction in the bulk solution and N = 77, which corresponds to PEG-3400. The concentration dependence of the partition coefficient, found by fitting p obtained from Eq. ͑8͒, is shown in Fig. 1 by solid curve. The fitting leads to ⌬F / ͑k B T͒ = 9.1± 0.5 and ␤ = 3.2± 0.3. One can see excellent agreement between the fit and experimental results of Ref. 1 . In summary, this Note suggests an explanation for the observed polymer concentration dependence of the partition coefficient of PEG-3400 into the ␣-hemolysin channel. 1 The explanation is based on the fact that the overlap volume fraction of the polymer in the pore is much higher than that in the bulk solution. As a consequence, the degree of nonideality of the polymer solution in the pore is significantly smaller than that in the bulk. Nevertheless, this small nonideality cannot be neglected because its neglect leads to faster growth of the partition coefficient with concentration than that observed in experiment ͑Fig. 1͒. 
